This paper examines how parents' early childhood exposure to a refugee crisis impacts their children's health status. Based on Demographic and Health Survey data from Tanzania with the migration history of mothers and fathers, the analysis exploits geographical, time, and cohort variations using shock intensity and distance from refugee camps to instrument treatment. The findings show that children who were born to parents who were living closer to refugee camps during their early childhood have lower height for their age and are more likely to be stunted. The results are robust to alternative functional forms of the distance from camps, alternative specifications of the treatment and control groups, alternative cohorts of mothers, and several placebo tests. JEL classification: O10; O12; O13; O15; F22; R23; R12.
Introduction
Do parents' early childhood exposure to refugee shocks impact their children's health outcomes? This paper addresses this question by looking retrospectively at the 1993-2001 refugee crisis in Northwestern Tanzania and studying the likelihood of stunting for children born to mothers who lived through the refugee crisis during their early childhood.
Early childhood exposure to economic and political shocks is known to have persistent and long-lasting adverse consequences in adulthood and across generations (Alderman et al., 2006; Currie, 2009; Almond et al., 2005; Maluccio et al., 2009; Almond and Currie, 2011; Shah and Steinberg, 2013) . In a recent paper, Akresh et al. (2018) provide evidence of the intergenerational impact of conflict exposure on children born to women who were directly exposed to the 1967-1970 Nigerian Civil War. They found that exposure of mothers to civil war had an adverse impact on child growth, survival, and education. In a similar study, Tafere (2016) found that children born to mothers who were exposed to the 1983-85 Ethiopian famine in their first 3 years of life have poor health status, lower schooling achievement and perform poorly in standardized tests. 3 Cook et al. (2018) use representative survey data from the United States and found evidence of a multigenerational effect of in-utero exposure to the 1918 influenza pandemic on education, economic, and health outcomes of the children and grandchildren of those affected. Likewise, Caruso (2017) investigates the long-term and intergenerational effects of childhood exposure to natural disasters that occurred in Latin America 100 years ago. He finds that children who were in utero and young at the time of the natural disasters are less likely to accumulate human and physical capital in adulthood (they have worse health and fewer assets). Most importantly, he finds evidence of an intergenerational transmission of the shock, indicating that children of mothers who have been exposed to natural disasters achieved fewer years of education. Caruso and Miller (2015) find similar results for the 1970 Ancash earthquake in Peru. Using the 1993 and 2007 Peruvian census data, their study reveals that both males and females affected by the shock in utero respectively complete 0.5 and 0.8 less years of education in adulthood as compared to those not affected by the shock. In addition, evidence of an intergenerational transmission of the shock was found with children of exposed mothers at birth completing 0.4 less years of education. Comparable findings emerge from Northeast Tanzania where found that children of women affected by the 1993 flood in the Tanga region before the age of 18 present lower Height-for-Age Z scores (HAZ) as compared to unexposed adjacent cohorts.
The question of whether refugee crises are beneficial or detrimental to the socio-economic well-being of host communities is a topic that has attracted substantial interest only in recent years and the evidence 3 is still limited to few and mostly short-term outcomes. A recent review of this literature finds that the probability of finding a negative and significant effect on household well-being among the host population is less than 20% and less than 30% if we consider employment or wage outcomes (Verme and Schuettler, 2019) . The review also finds some evidence that negative effects tend to disappear over the long-term and are mainly associated with larger crises. However, the evidence on household wellbeing is still scarce and most authors have focused on labor market outcomes in the short and mediumterm, largely ignoring outcomes in other domains and the intergenerational effects generated by forced displacement shocks. Studies measuring the impacts of refugees on households in host communities are relatively few, but rather consistent in finding growth in consumption over the short and medium-term (Alix-Garcia and Saah, 2010; Vargas-Silva, 2015, 2016; Del Carpio and Wagner,2015; Rozo and Sviastchiy, 2018) . Similar research focusing on a narrower set of outcomes, such as employment and wages, finds different results depending on the country context and the population studied. The literature investigating the short and long-term effects of refugee influx concord that negative outcomes tend to disappear in the long-run (Del Carpio and Wagner, 2015; Ceritoglu et al., 2017; Peri and Yasenov, 2019) . Overall, the review highlights the importance of extending research beyond the consumer and labor market outcomes and beyond the short and medium-term.
Few studies have empirically investigated the short or long-run socio-economic impacts of refugee shocks on children's health, providing some initial but inconsistent evidence. On the one hand, one might believe that the positive impacts induced by the sudden arrival of refugees on host communities (increased demand for economic goods, humanitarian assistance, improved infrastructure, increased agricultural production 4 ) might translate into better health care services and consequently positive children's health outcomes. On the other hand, most studies have reported negative changes in welfare among host communities following refugees' arrival. Disease outbreaks (Kibreab, 1985) , competition over natural resources and paid jobs, environmental damage, criminality and pressure on basic service delivery in schools and hospitals are among the most cited negative impacts of refugees on hosts. These could trigger poorer health, education and labor market outcomes of the first but also the second generation of children born years after the crisis. Baez (2011) uses secondary data from Tanzania and finds that, as compared to children living in areas not affected by refugees, children living in host communities have a higher incidence of infectious diseases, are more likely to die before the age of 5 and have a reduced stature (height) with an acute effect found for younger cohorts. However, building on Baez's study, Mabiso et al. (2014) find no 4 lasting impacts for children living in receiving areas, whereas Maystadt and Verwimp (2014) find a limited but positive impact of refugees on health outcomes, driven by the improvement of infrastructure including health services in refugees' hosting areas. We are not aware of studies that looked at the intergenerational health effects of refugee crises on children in Tanzania or elsewhere.
This paper intends to contribute to the relatively small but growing literature on the long term and intergenerational impacts of early childhood exposure to shocks by expanding this literature to refugee crises. We empirically examine and hypothesize that the already documented health impacts of early life shocks such as natural disasters, famine, war or pollution on the second generation of children also hold for temporary population shocks such as a refugee influx. More specifically, we study if Tanzanian children born to parents who spent their early childhood in high refugee-receiving areas are more likely to be stunted. We focus on under five years old Height for Age Z score (HAZ) and the probability of stunting as our key health indicators. This choice stems from the critical role of these measures in capturing long-term health effects and socio-economic development prospects along the life course.
The paper finds that children of mothers exposed to the 1993-2001 refugee crisis in Northwestern Tanzania are more likely to be stunted. We use the latest geocoded 2015-2016 Tanzanian Demographic and Health Survey (DHS) capturing migration histories of mothers and fathers. Our results suggest that, almost 15 years after refugees' arrival, under five years old children born to mothers who were between 0 and 5 years old during the refugees' influx (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) and living closer to refugee camps have lower Height-for-Age Z-scores and are more likely to be stunted than a comparable sample of children whose mothers were more than five years old at the time of the shock. We also find that mothers who were inutero and less than 24 months at the time of the high refugee influx period from 1993 to 1996 are more likely to give birth to children who are stunted. No differentiated impacts were found between girls and boys.
Several plausible mechanisms explain our main results. We found that early childhood "refugeesexposed" mothers are less likely to complete secondary education in their adulthood. Our results also show that those mothers have a lower likelihood of land and house ownership more than a decade after refugees' arrival. Most importantly, our findings reveal higher participation in the labor market of grandmothers of children who were living in refugees' receiving areas at the time of the influx, potentially suggesting a trade-off with child care at home, especially for girls. This corroborates findings from Alvi and Dendir (2011) who reported that earlier-born girls are more likely to perform domestic work in Ethiopia. Our results are in line with findings emanating from recent studies showing that the long-term consequences of shocks are more pronounced among females than males (Zhibo et al.,2015; 5 Almond et al., 2010) . In fact, any form of physiological and nutritional stress encountered by girls when they were in utero or in the first 36 months of their lifetime may undermine their growth, which, in turn, translates into poorer anthropometric health and learning outcomes of their offspring (Osmani and Sen, 2003) .
Overall, this paper makes a two-fold contribution to the literature on the impacts of refugee shocks on host communities. First, it provides a novel contribution to the sparse literature on the long-term legacy of temporary population shocks experienced during the first five years of life. It examines how the direct positive or negative impacts of refugees on parents living in host communities at the time of the influx carry over to the next generation of under five years old children born more than a decade after refugees' arrival. Second, it unpacks the aggregate impacts previously found on human capital accumulation by highlighting differential effects across age cohorts as opposed to effects across occupations (Maystadt and Verwimp, 2014) , or sectors (Del Carpio and Wagner, 2015 Ruiz and Vargas-Silva, 2016) .
The remainder of the paper is laid out as follows. Section 2 describes the context and background surrounding the refugee crisis in Northwestern Tanzania. Section 3 presents a theoretical framework underpinning the intergenerational transmission of population shocks. Data are discussed in section 4.
Section 5 focuses on the empirical strategy, including several placebo tests for robustness checks.
Section 6 provides preliminary statistical tests, the main econometric findings, and robustness tests and some leads on possible explanations of the results. Section 7 concludes the paper.
Background
Over the past decades, the global number of forcibly displaced people has significantly increased, reaching more than 70.8 million in 2018, the highest figure in 70 years. One of the key features of the forced displacement crisis of the past few decades has been its regional focus, with almost 90% of refugees and IDPs living in developing countries. More than one-third of forcibly displaced people live in Africa. Sub-Saharan Africa hosts more than 26% of the world's 26 million refugee population (UNHCR, 2019) . 5 The region alone saw a threefold increase in the number of forced migrants between 1970 and the early 2000s (Baez, 2011) , mainly due to the rise in civil and regional conflicts, particularly in Central and Eastern Africa. Following the escalation of violent conflicts in neighboring Burundi, Rwanda, South Sudan and the Democratic Republic of Congo during the 1993-1994 bloodiest period of civil wars, Tanzania was flooded by hundreds of thousands of refugees seeking peaceful shelter. By 6 the end of 1994, the country, known for its hospitality and open-door policy, 6 hosted almost 1.3 million people in its Northwestern region, becoming one of the top four refugee receiving countries in Africa. 7 The sharp growth in refugees experienced by Tanzania between 1993 and 1996 was a direct consequence of several dramatic events that occurred in short succession in neighboring countries. On October 21, 1993, the assassination of the Burundian President Melchior Ndadaye and the ethnic clashes that followed led to almost 300,000 Burundians seek refuge in the Kigoma region of Western Tanzania.
Shortly after, on April 6, 1994 the Burundi and Rwanda presidents Cyprien Ntaryamira and Juvenal Habyarimana died in an airplane crash, prompting the Rwandan genocide and resulting in a sudden outflow of nearly 250,000 Rwandans refugees in the Northwestern regions of Tanzania, particularly the Kagera region. Rwandans continued to flee their country over the following years and, by early 1995, nearly 600,000 refugees from Rwanda were living in Tanzania. The aftermath of the Rwanda genocide and the spillover of the Burundian conflict also led to the first Congo civil war from October 1996 to May 1997, resulting in almost 500,000 Congolese refugees settling in Northwestern Tanzania. This would be followed by a second wave of refugees arriving in 1999 after the second Congo war. 8
As a consequence of these events, Tanzania has hosted very high numbers of refugees for almost a decade, between 1993 and 2001, with a peak around 1994 9 (see Figure A4 in Annex A). The UNHCR and the Tanzania Ministry of Home Affairs decided to settle most of these refugees in temporary camps located within 40 km from the border and at a short distance from Tanzanian villages. Refugees were finally settled in 13 main camps 10 covering the Karagwe, Ngara, Kasulu, Kigoma and Kibondo clusters in Nortwestern Tanzania ( Figure A1 ). With a population of 2.5 million people, this massive human displacement led to an increase of the population in the two host regions (Kagera and Kigoma) by over 50%. In some clusters, refugees outnumbered Tanzanians five to one (Whitaker, 2002) and by the end of May 1994, Benaco refugee camp located in Ngara cluster (Kagera region) was the largest in the world (see tables A1, A2 and figures A5, A6 in Annex A). This forced displacement crisis has been recently ranked as the largest in modern history in terms of share of refugees over the local population (Verme and Schuettler, 2019) . The magnitude of such a sudden population shock was most likely to bring a profound change in the livelihood and economic activities of the hosts.
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Several studies have measured the impact of the 1993-2001 refugee inflow in Northwestern Tanzania on host communities. In line with other similar studies, they find a general positive effect on household well-being with asymmetric employment effects across population groups. Maystadt and Verwimp (2014) found that doubling the refugee presence increased the per adult equivalent consumption of hosts by 6-8 percent. Maystadt and Duranton (2018) found that all types of local workers gained from the refugee presence, although positive effects were mainly noticed for agricultural workers and the selfemployed in non-agricultural activities. Similarly, Ruiz and Vargas-Silva (2015) found a negative impact on employees overall but a positive and significant impact on professionals and government employees. Vargas-Silva (2016 and found that the forced migration shock led to an increase in the likelihood of Tanzanians working outside the household as caretakers and a lower likelihood of working outside the household as employees, particularly agricultural employees. They also found that young and less educated women benefitted from employment opportunities but were less likely to engage in non-domestic employment. Several qualitative studies reported that the 1993-2000 refugee influx in Northwestern Tanzania created both winners and losers among local hosts (Whitaker, 1999 and Waters,1999) .
These latter studies also shed some light on the mechanisms that can help explain such outcomes either in the short or long run. According to Landau (2004) , there are two main economic and structural changes that refugees brought to Western Tanzania: price distortions and temporary employment opportunities. As refugees progressively arrived during the 1993-2001 period, millions of dollars flew into the affected areas every week in the form of international relief programs. While the proliferation of NGOs and humanitarian agencies created a wide range of labor market opportunities for the hosts, the improvement of infrastructure and transport systems raised the demand for basic goods and services, resulting in inflation (Waters 1999 , Whitaker 1999 . Before the arrival of refugees in the Kagera and Kigoma regions, the government was the main provider of formal jobs. During the influx, employment opportunities for Tanzanian hosts ranged from direct full-time jobs to secondary types of employment (domestic help) with humanitarian agencies. Fieldwork 11 completed by Landau (2004) in the Kasulu cluster of Kigoma found that only 1 out of 52 villagers was engaged in full-time employment with a refugee-related organization because of the low level of formal education among the hosts, suggesting that most of the jobs created were low skilled, part-time or informal. 12 Men and women located closer to refugee camps were more likely to be hired as domestic workers (security guards, cooks, washers, 8 cleaners, etc.) for foreign employees. On the other hand, the cheap but illegal 13 labor force provided by refugees to the hosts improved cash crop production (Landau, 2004) . 14 Based on qualitative interviews undertaken by Whitaker (2002) at the time of the refugee crisis in 1995, many employees previously working with hospitals, schools and other governmental organizations decided to leave their jobs in quest of a higher salary with international relief organizations. More specifically, in the Ngara cluster in Northwestern Tanzania where the population of refugees was more than twice the number of Tanzanians in 1994 (see Tables A1 and A2 ; Figures A5 and A6 in Annex A).
It was reported that more than 50 percent of the health center staff and 35 percent of dispensary workers had left their government jobs to work with relief agencies. This massive desertion of public schools and hospitals in favor of international humanitarian organizations has obviously affected the short and long-run human capital outcomes of children who were still in their early age at that time.
Tanzanian schools located at the border with Rwanda, Burundi and the Democratic Republic of Congo were substantially damaged, as some refugees sheltered in classrooms upon their arrival and, in some instances, used desks as firewood for cooking and heating, while school latrines became rapidly filled.
In 13 schools in one of the most affected clusters (Ngara), 72 classrooms, 757 desks, 68 latrines, 31 chairs, 10 doors and 36 windows were damaged (Mwakasege, 1995) .
The performance of students was also significantly affected by the refugee presence, as lessons were disrupted. At the demand of village leaders and relief organizations, the majority of teachers became involved in the registration of refugees, hence dedicating less time to teaching their lessons at schools for relatively longer periods of time, varying from 2 to 7 weeks (Mwakasege, 1995) . Due to several factors, including among others the willingness of both teachers and students to reap the benefit of petty businesses flourishing around the camps, the performance of students during the influx period from 1993-1995 was significantly reduced. Mwakasege (1995) warned against the long-term implications of these disruptions on educational performance in refugee areas already during the crisis.
Local health facilities also became quickly overburdened and, by December 1994, drug shortages were observed in several hospitals. This was the case especially in dispensaries in the Kasulu cluster (Kitanga and Kilelema villages). Despite the health care services back-up of humanitarian agencies, the supply in medicines significantly dropped after the refugees were moved into camps. In several hospitals in 9 Tanzania, it was reported that refugees were occupying more beds than hosts (Whitaker, 2002) . Despite the massive resources mobilized by NGOs, Tanzanian hosts were not given priority access to health care services and several cases revealed that some clinics were accepting Tanzanians only as outpatients or were simply refusing to give them medical treatment whenever the health supplies were low (Whitaker, 2002) . This might have had an obvious negative impact on under five years old children's health outcomes.
Overall, the quantitative and qualitative evidence presented above is consistent in finding a general positive effect on local households' well-being during the crisis and increased employment opportunities. However, these positive developments have been accompanied by a reallocation of labor away from primary health care and education services and towards low-skilled services to the aid community during a period characterized by increased demand for these services and a general downgrading of schools and health centers. These factors combined have likely resulted in an intrahousehold reallocation of labor, with increased demands on women and possibly negative effects on child care. Therefore, we should expect children to have suffered from a combination of decreased standards in education, health care and home care services.
Theoretical Framework
To understand how temporary population shocks experienced by parents might extend into the next generation of children, we use the dynamic model of human capital accumulation proposed by Cunha et al. (2006) , Cunha and Heckman (2007) and Cunha et al. (2010) . 15 The Human Capital (HC) vector at a time , is made of a combination of cognitive skills , non-cognitive skills and health capabilities ℎ as follows:
Each of those skills are said to be "dynamically" self-reinforcing, implying that a higher stock of human capital in one period leads to a higher stock of human capital in the subsequent period. In other words, skills acquired at a specific period of life serve as inputs at a later stage. This is also known as selfproduction in the model. Depending on the specific age period over the life course, any shock might either enhance or reduce the stock of skills affecting the self-production process. The early childhood development literature distinguishes two critical periods along the life course: In utero and 0-3 years of 10 age. According to Cunha and Heckman (2007) and Cunha et al. (2010) , the technology function for human capital accumulation is given by:
where { , ℎ, } is the set of skills, , +1 is the stock of any skills at time + 1, is the level of parental investments in children at time , is the level of parental endowment and is the shock encountered by parents at time . The recursive solution of the model above allows it to be rewritten as follows:
, +1 = ( 0 ; 0 , 1 , 2 , … . , ;
In other words, the stock of human capital or skills of the child at time depends on his/her initial level of human capital 0 which is predetermined by congenital factors and the socio-economic environment; parental investments at different periods of the life cycle ( 0 , 1 , 2 , … . , ); parental endowment but also shocks encountered at different stages of the life cycle ( 0 , … … … ). In our case and for the sake of simplicity, we focus on early childhood defined as age 0 to 5 and corresponding to t=0 and late childhood defined as age 6-16 and corresponding to t=1. The stock of human capital in late childhood could then be defined as:
,1 = ( 0 , 0 , ; w 0 ).
(3.4)
Knowing that parental investments and endowments are both endogenous, ,0 = ( 0 , ; 0 ) and = p,2 = ( p,1 , p,1 , , p,1 ), with ,1 = ( p,0 , p,0 , , p,0 ), where is the level of parental endowment at childhood, the effect of parents' early childhood shock on their offspring's human capital can therefore be described as: .
( 3.6) Finally, the impact of parents' late childhood shock on their children's human capital is given by
which can be decomposed as follows:
A B (3.8)
Following Cunha and Heckman (2007) , is known as "self-productivity". It refers to the fact that parents' early life exposure to shocks reduces their own stock of human capital endowments, which then affects their offspring's level of human capital. is known as "dynamic complementarity". It embodies the idea that parental early life exposure to shocks decreases the level of their human capital's return on investments and consequently their human capital endowments (stock of skills). This then translates into a low level of human capital for their offspring. is a mixed channel.
If the above theoretical framework has the ability to unpack the mechanisms by which an intergenerational impact of a temporary population shock might occur, the magnitude and the direction of such an impact are not clear. This could only be investigated with an empirical analysis with historical data on refugees' geolocation but also parent's socio-economic characteristics and children's health in host communities.
Data
We use the 1991, 1996 and 2015/2016 data from the Tanzania Demographic and Health Survey (DHS).
These are nationally representative repeated cross-section surveys providing information on under 5 years old children's anthropometric measures and mothers' and fathers' demographic and socio-economic characteristics. Our main anthropometric outcome of interest most likely to be impacted by parents' exposure to refugee shock in the long-run is the Height for Age Z score (HAZ). Together with stunting defined as a HAZ score below -2 SD, the WHO considers this indicator as a marker of a deficient nutritional environment in early childhood and a predictor of future well-being in adulthood.
More specifically, stunting is associated with poor birth outcomes, lower labor market participation, lower earnings, higher incidence of infectious diseases and lower cognitive ability Paxson 2008, 2010; Bhalotra and Rawlings 2011; Leroy and Frongillo 2019) . The HAZ or Standard Deviation (SD) score reflects the cumulative linear growth of the child and is defined as follows:
where is the height of the child in the age or sex group ; is the median of children's height for individuals of the same age/sex group in the WHO reference population and is the standard deviation of children's height of the same age/sex group in the reference population. Z-scores below -6SD and above 6SD are considered by the WHO as biologically implausible values (0.5% or 49 children out of 10,233 in our sample are presenting such abnormal anthropometric measures and are therefore removed from our analysis). An under five years old is defined as severely stunted if the HAZ score is lower than -3 SD. In our sample, 29.8% of children are stunted and 9.8% are severely stunted.
DHS surveys also include information on labor market participation, wealth, years of education, land/house ownership, and decision-making on health care of mothers and fathers. These are variables that can be used to test for alternative predictors of children's stunting. They can also be used to test for mechanisms and channels of transmission of the refugee shock on less than five years old children's HAZ or the probability of stunting. Table A3 in the annex provides all definitions of the variables used in the paper.
For our main intergenerational analysis, we use the latest 2015/2016 DHS survey of Tanzania collected between August 2015 and February 2016 with migration history of mothers and fathers and information on the exact years they moved to their current area of residence. The data contain unique GPS information of each household cluster, allowing us to accurately assess the intensity of refugees' influx by relying on the distance between households and each of the 13 historical refugee camps. In total, our analysis relies on a sample of 13,266 women ages 15-49 and 10,223 children ages 0-5 living in 608 clusters across the entire country. The sub-sample used for the analysis includes those households who never migrated (90.1%) or migrated before or during the refugee crisis (9.9%). For these households,
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we know with certainty whether they were living in refugee affected areas or not for at least part of the crisis. The sub-sample of households who migrated after 2001 is only used for our placebo tests. The reason is that there is no way to tell if those who migrated to their current place of residence after 2001
were previously in refugee affected areas or not prior to 2001 (the DHS does not provide information on multiple migration spells, only migration to the current place of residence).
In an effort to provide some explanations to the findings of the main analysis, we also use older DHS data to study the socio-economic characteristics of grandmothers of children in 2015/2016. We use the 1991/1992 DHS to empirically assess labor market outcomes of grandmothers prior to the refugee influx in 1993. We also use the 1996 DHS data to assess the short-term impacts of refugees' influx on under five years old children's health outcomes and grandmothers' labor market participation during the first phase of the influx from October 1993 to December 1996.
Empirical Strategy
Our empirical approach follows the main strategy used by the literature on measuring the impact of forced displacement on host communities where the interaction between the treatment group (T) and the refugee shock (R) is the variable of interest. 16 The general equation is described as follows:
where is the Height for Age Z score or the probability of Stunting (HAZ <-2 SD) of the child i living with parents (mothers or fathers) in the cluster and born in year t from the mother j, is the child's year of birth fixed effect, is the mother's year of birth fixed effect, are a set of children and household level characteristics including the gender and birth order of the child, the gender of the household head and the age of the mother j when giving birth to the child i, are cluster fixed effects and is an idiosyncratic error term. The cluster fixed effects allow us to control for unobserved heterogeneity at the geographic level. However, we are mindful that this heterogeneity might be nonadditive.
As in previous literature, is our refugee shock variable instrumented using the inverse of household distance from refugee camps as follows: 17
where c are refugee camps, is the average population in 1993-1995 in each refugee camp and is the distance in km of each cluster to each refugee camp. This distance is alternatively modeled with = 0.5, 1, 2 3 (squared, linear, quadratic and cubic functions). The coefficient of interest is therefore 1 which measures the effect of the interaction between the treatment group and the intensity of the refugee presence adjusted for the inverse of the distance from the 13 refugee camps. Figure A3 shows the geolocation of our 608 clusters and 13 refugee camps based on which we compute . is our treatment variable. We will consider five flavors of this variable (q=1, 2,3 4, and 5) depicted in Figure A2 and described as follows:
• =1 is a binary variable equal to 1 if the mother of child was exclusively born or solely spent her early childhood during either the first (1993) (1994) (1995) (1996) or the second period (1997-2001) of refugees' influx and 0 otherwise. This is the main cohort of treated mothers we consider ("main cohort" in Figure 2 ).
• =2 is a continuous variable measuring the number of years spent under the presence of refugees for mothers who were born or exclusively spent their early childhood in the presence of refugees. This is also the main cohort we consider but measured in terms of duration of exposure to refugees rather than simple exposure as in q=1.
• =3 is a categorical variable equal to 2 if the mother of child was exclusively born or solely spent her early childhood during the first (1993) (1994) (1995) (1996) refugees' inflow period; equal to 1 if the mother of the child was exclusively born or solely spent her early childhood during the second refugee influx period (1997) (1998) (1999) (2000) (2001) and 0 otherwise. This variable essentially compares the treated groups across the two refugee influx periods against mothers who were not exposed to refugee influxes ("control cohort" in Figure A2 ).
• =4 is a binary variable equal to 1 if the mother of child spent some years of her early childhood out and others inside the first period of refugees' presence. This is the 1988-1993 cohort ("mixed cohort" in Figure A2 ), and 0 otherwise ("control cohort" in Figure A2 ).
• =5 is a binary variable equal to 1 if the mother of child spent some years of her early childhood out and others inside the first and second period of refugees' presence (was born or less than five years old between 1988-1996 in Figure A2 ), and 0 otherwise ("control cohort" in Figure A2 ).
We also allow for heterogeneity of mother's age by the end of the first (1993) (1994) (1995) (1996) refugee influx by constructing a categorical variable ( ) that captures different stages of mothers' early childhood development with d=0 if the mother was born before 1988 (base category), d=1 if she was in utero d=2
if she was between 0 and 2 years old and d=3 if she was between 3 and 5 years old by the end of the first refugee influx period (December 1996) . Recall that this corresponds to the period before most of the camps (mainly the Rwandese camps) started closing. Heterogeneity of mothers' age at the time of the crisis is modeled in a separate equation described as follows:
where 0 refers to mothers who were in age 0-5 between 1993 and 1996, refers to the mothers' cohort with s=1 if the mother was in utero, s=2 if she was 0 to 2 years old and s=3 if she was 3 to 5 years old. The analysis is restricted to mothers born after January 1, 1979 (less than 16 years old at the time of the first refugee inflow in 1993) and throughout our analysis our control group consists of mothers born between 1979 and 1988 (more than 5 years of age in 1993).
Results

Means Difference Tests
Before moving forward with the econometric analysis, we provide simple means t-tests on the main outcomes of interest between refugee and non-refugee affected areas before the refugee crisis using the 1991-1992 DHS. Table 1 provides the results splitting the sample into its 1991 and 1992 components to allow for some heterogeneity between the two years covered by the DHS. While it would be plausible to find differences given the different geographical areas considered, we do not find any statistical difference in our main outcomes of interest (HAZ and stunting). This provides a nice benchmark for the econometric analysis.
Similarly to the geographical comparison, in Table 2 we compare 0-5 and 6-16 y.o. cohorts of children using the 1991-1992 DHS (mothers in 2015/2016). As before, we could expect some differences but the t-tests show no difference in the main outcomes considered (HAZ and stunting). In Table 2 , we also compare mothers' outcomes (grandmothers in 2015/2016) in terms of selected health, labor and education characteristics but do not find significant differences across children cohorts. Again, these are not expected results but provide a good setting for the econometric analysis.
Main Results
The main results are reported in Tables 3 and 4 in Tables 3 and 4 include all controls discussed in the data section.
Height for Age Z (HAZ)
Results from Equations 1-5 under model 5.1 (Table 3) show that the impact of the refugee crisis on HAZ is almost univocally negative and significant. As compared to the control group, children of mothers who have been exposed to a refugee shock in their early age (first five years) have a lower height for their age. This result is robust to almost any specification of the treatment and control group with the exception of q=4. For example, in the case of = 1, switching from treated to non-treated while controlling for the (log) distance, decreases the HAZ by 0.255 points (q=1 For q=3, we observe that HAZ tends to be higher for mothers who were exposed to refugees during the second phase of the shock (1996-2001) as compared to those exposed during the first phase (1993) (1994) (1995) (1996) . However, the statistical significance tends to be more pronounced for those exposed in the first period (1%) as compared to those exposed in the second period (10%). The specifications q=4 and q=5 allow us to test if mothers who non-exclusively spent their first five years of life under the refugee presence (born between 1988 to 1993 and who were previously left out of our analysis) also tend to give birth to children who are more likely to be stunted. Results from q=4 suggest that the HAZ of children of mothers born between 1988 and 1993 are not statistically different from the HAZ of our control group. This latter result is not surprising given that q=4 compares mothers born between 1988 and 1993 who did not solely grow up in the presence of refugees with those who spent their early years of life in the absence of refugees. Results from q=5 encompassing mothers born to 1988 to 1996 in the treated group makes us infer that the statistical significance is obtained thanks to the group of mothers born during the "high" refugee influx period (born between 1993 and 1996). Therefore, results across the five q flavors of control groups are consistent in sign and significance and in pinpointing the peak of the refugee crisis (1993) (1994) (1995) (1996) as the most crucial period to capture the intergenerational effect on children's health.
It is also visible that all coefficients decrease with the increase in (the power of the distance). For q=1 for example, the coefficients decrease from -0.512 for the square root case to -0.102 for the cubic case. This decrease persists across specifications and it is large shifting from the square root to the squared power while seems to slightly stabilize between the squared and cubic power. Given that the distance is expressed in log terms, this simply indicates that the relation between Height for Age and our key variable is rather linear in distance.
Results for the different d cohorts of mothers (Equation 6 under model 5.2, Table 3 ) are also consistent in sign and coefficients although consistent significant values are visible only for d=2. The HAZ score is negatively associated with the refugee shock. In line with the early childhood development literature, we find that the magnitude of the adverse effects of the refugee shock is more pronounced for mothers who were still in utero with the magnitude progressively decreasing for children of mothers who were 0-2 and 3-5 years old. However, only the 0-2 age cohort (d=2) shows a statistically significant effect across all the different functional forms of the distance. Hence, we could infer that children born to mothers who spent their first 24 months of life under the refugee presence during the 1993-1996 period gave birth to children with a lower HAZ score (-0.292 with =1). With =3, we also have a significant effect with d=3 (3-5 years old) which provides some substance to the argument of a decreasing effect across cohorts (-0.0766 with =3 as compared to -0.113 for d=2 and -0.168 for d=1).
Stunting (prob(HAZ ≤ −2SD))
Results for stunting are shown in Table 4 using the same format as Table 3 . Equations 1-5 under model 5.1 show that all coefficients are positive, and most are significant with the exceptions of q=3 in the Category 1 and q=4. In line with the results on the HAZ score, stunting increases for children born to mothers who experienced a refugee shock at early age. Coefficients for =1 vary between 0.0152 and 0.114 whereas coefficients across the different log specifications point again to an inverse linear relationship between children's stunting and distance from the refugee shock.
Results on stunting across mothers (d) cohorts (Equation 6 under model 5.2, Table 4 ) are supportive of previous results in that coefficients are positive and significant. However, as opposed to what we found for the HAZ, coefficients for stunting are significant (at a 10% level) for children whose mothers were in utero during the refugee shock but also for mothers who were 3-5 years old (at a 5% level). Similarly, the magnitude of the shock on stunting decreases from exposure in-utero to exposure in older age. For =1, mothers exposed in-utero show a coefficient of 0.186 compared to 0.119 for those who were 0-2 years old at the time of the shock and only 0.0838 for those exposed between 3 and 5 years old. As a more practical interpretation, we could infer that under five years old children born to mothers who were in-utero by the end of the first refugee influx period and were living 100km (10 km) closer to the epicenter of the 13 refugee camps are approximately 2.9 percentage points (0.29 percentage points) more likely to be stunted. Those results corroborate with findings of the early childhood development literature in that in utero and the first three years after birth are considered the most important and critical developmental period for later life adult outcomes and health anthropometrics of the next generation (Almond, 2006; Rosales-Rueda, 2018; Gluckman and Hanson, 2004) . In conclusion, HAZ and Stunting depict a very consistent picture in that Height for Age is inversely related to the exposure of mothers to a refugee shock in early childhood. All signs and coefficients are consistent across all equations' specifications, with stunting emerging as a better indicator to capture early childhood cohorts' effects.
One could argue that our results might be picking up geospatial aspects of well-being in Tanzania with mothers of children living closer to the capital Dar es Salaam being more likely to have better health outcomes. It could also be that children born to older mothers and therefore much more experienced present better anthropometrics than children born to younger mothers. We perform four different placebo tests to rule out the eventuality of these and other factors playing a role in our results.
Robustness Checks
Our results are robust to four different placebo tests (Table 5 ). We first restricted the sample to those who migrated within Tanzania after 2001 and re-run equation 5.1 with q=1 and =1. 18 For this group, we should not expect any impact or a much lower impact on HAZ or stunting and we indeed find that there is no impact (Test 1, Table 5 ). 19 Second, we restricted the sample to those who migrated before 2001 (during the refugee shock) but living very far away from refugee camps (in clusters/regions that are located in the South-East of the country). For this group, we should expect a much lower impact than for those who migrated in regions closer to the camps and indeed we find no significant effect (Test 2, Table 5 ). We also follow Baez (2011) by restricting the sample to those who were residing in Northwestern Tanzania 20 distinguishing between geographical clusters of high refugee intensity and low refugee intensity and we find as expected significant results for high refugee intensity clusters ("North-West" in Table 5 ) in line with our results in Tables 3 and 4 . Therefore, distance from the refugee shock is indeed a critical factor to understand the relation between child stunting and mothers' exposure to shocks.
Third, we checked whether results are not driven by a "cohort effect" by comparing anthropometrics of children from mothers born after 1993 to those born before 1993 without introducing the distance to a refugee camp (Test 3, Table 5 ). Also, in this case we found no statistically significant differences between the two groups in terms of their children's anthropometrics. This confirms that the cohort effect found in Tables 3 and 4 is determined by the distance from camps (the refugee crisis).
Fourth, we made use of the 1990/1991 pre-refugee arrival DHS survey to study whether parents/children living further away from refugee camps were already better or worse off prior to refugees' arrival in late 1993. Again, we find no statistically significant differences between health anthropometrics of under five years old children from communities of refugees hosting areas and non-refugees hosting areas (Test 4, Table 5 ).
Finally, the extent to which other events in Tanzania such as natural disasters (namely the 1998 el nino flooding and the 1999 drought) might have undermined socio-economic conditions of mothers during refugee influx and subsequently their children's health outcomes in 2015/2016 is dismissed. The el nino flooding of 1998 followed by the severe drought in 1999 mainly hit the central and northeastern part of the country (Arusha, Manyara, Shinyanga, Simiyu, and Dodoma regions), all areas that did not experience the massive inflow of refugees in the country. 19 Recall that for households declaring to have moved to the current location after 2001 we cannot identify their location during the refugee crisis. We can consider this group as a random sample in terms of distance from refugee areas. 20 Biharamulo, Muleba, Bukoka Rural and Bukoka Urban. 20
Transmission Mechanisms
While the association between the refugee shock and nutrition outcomes for children of mothers who lived under the shock in early age has proven to be robust, the mechanisms that turned the shock into these results remain unexplored. These mechanisms can be many, are difficult to capture with retrospective data and would require a separate study. However, our data contains information on grandmothers of the children we found in 2015-2016 and this allows us to explore the hypothesis that these are children of mothers who, because of the refugee shock, may have received reduced home care during early childhood. Studies on early childhood development have largely documented the importance of the first five years of life for health and nutrition, cognitive behavior, earnings, motherhood and other outcomes in adulthood and it is possible that the refugee shock has altered the behavior of grandmothers in a way that affected mothers later in life.
What we know from previous studies on refugees in Tanzania is that household well-being increased for households living close to the refugee camps. Most importantly, the sudden arrival of refugees created temporary secondary employment opportunities for mothers and fathers who, as a consequence, should have been expected to dedicate less time to intrahousehold domestic chores including child care.
Our hypothesis is that an increase in female labor market participation and the decrease in health and educational services already documented has led to a decrease in child care. In Table 6 , we first use the treatment group q=1 to see whether grandmothers 21 who lived under the refugee crisis in 1996 (during the crisis) had a higher labor market participation than those in 1991(before the crisis). We find that grandmothers who lived under the refugee shock in 1996 had a higher labor market participation than grandmothers in 1991 whereas we find no statistically significant increase of children's grandfathers'
labor market participation as a result of the refugee arrival. This confirms previous findings that showed an increase in female labor force participation during the refugee crisis.
We also investigate the long-term impacts of refugees' arrival on contemporary socio-economic outcomes of mothers and fathers. We explore the potential mechanisms by focusing on parental endowments in terms of assets, level of education and labor market participation. We estimate the following econometric model for mothers and fathers:
where is the level of human capital endowment of the mother or father j living in the cluster and born in year t; is the parent's year of birth fixed effect; are cluster fixed effects and is an idiosyncratic error term. Again, the analysis is restricted to mothers or fathers born after January 1, 1979 (less than 16 years old at the time of the first refugee inflow in 1993). Throughout our analysis, our control group consists of mothers born between 1979 and 1988. As before, the coefficient of interest is 1 and 1 is a binary variable equal to 1 if the parent of child was exclusively born or solely spent her/his early childhood during either the first (1993) (1994) (1995) (1996) or the second period (1997) (1998) (1999) (2000) (2001) of refugees'
influx and 0 otherwise. This is the main cohort of treated parents we consider ("main cohort" in Figure   A2 ).
Results are reported in Table 7 . We find that mothers who spent their first five years of life under the presence of refugees are less likely to complete more than secondary education as adults. This reinforces the findings of previous studies on the long-term impact of early life exposure to shocks and schooling performance (Shah and Steinberg, 2013 and Cunha et al., 2006) . They are also less likely to own land and a house and more likely to participate to the labor market later in their life. In particular, increased labor market participation can potentially translate into reduced child care at home and poorer anthropometrics of their less than 5 years old offspring, as shown in previous literature (see e.g. Saabneh, 2016; Hill et al. 2005; Brooks-Gunn et al., 2002; Belsky and Eggebeen, 1991) . In the same vein, we find that fathers who spent their first five years of life under the presence of refugees are less likely to own key assets such as land and house. However, early life exposure to refugees has no longterm impacts on fathers' labor market participation and their attainment of more than secondary education.
Finally, we use the 1991/1992 and 1996 DHS data to assess whether under five years old children's anthropometric health outcomes in 1996 (during the crisis) were worse off as compared to 1991/1992 (prior to the crisis). We find in table 8 that children in refugee receiving areas in 1996 had lower Weight for Age, Weight for Height and a lower Biomass Index scores as compared to their peers. They were also more likely to be wasting, underweight, have diarrhea or fever. There is no evidence instead of an increased level of under five years old mortality in refugee receiving areas in 1996. In sum, these findings suggest that parents in their early age during the refugee influx suffered from decreased nutritional standards and increased morbidity. This, in turn, is expected to affect the anthropometrics of their own children in 2015-2016.
We shall derive that the increase in household well-being found by other studies is probably associated with higher female participation in the labor market, particularly for lower educated women who picked 22 up low paid jobs in the informal service industry. This may imply that the children of these mothers had less exposure to their mothers' care during a period when education and health services were deteriorating. This provides a lead for future research into the mechanisms that may explain why children of mothers who lived under a refugee crisis at an early age have worse nutritional outcomes as compared to other children. It should also be recognized that, as for other similar studies, our results can still be contaminated by some form of unobserved heterogeneity. For example, while we control for local and geographical proximity, macroeconomic effects may not operate homogeneously within clusters and may affect children cohorts differently.
Conclusions
The main purpose of this paper was to empirically assess how mothers' exposure to refugees during their early childhood (0-5 years old) translates into lower health outcomes of their offspring born some 15-20 years after the shock. We used the latest 2015/2016 Tanzania Demographic and Health Survey to study the intergenerational health impacts of mothers on the Height for Age Z score and the probability of stunting of their children born 15 years after the massive arrival of refugees. By exploiting spatial and temporal variation in mothers' exposure to the refugee shock, we find that almost two decades later, children of mothers who were less than 5 years old at the time of the influx and living closer to the 13 main historical refugee camps are more likely to be stunted.
As key mechanisms, our paper hypothesized that the positive economic growth generated by the refugee influx resulted in increased female labor market participation during the refugee crisis that, combined with deteriorating education and health services, has had adverse effects on child care, nutrition and morbidity. The poor nutritional status of children at the time of the crisis might potentially translate into lower anthropometrics of their own children some 15 years later. In an attempt to identify key mechanisms, we found an increased participation in the labor market of mothers who spent their first five years of life in the presence of refugees. This might explain lower anthropometrics of their own under five years old children in line with the microeconomic literature on the negative effects of maternal employment on young children's development (see e.g. Baum II, 2003; Gregg et al., 2005) .
We also found that those mothers who were between 0 and 5 years old at the time of the refugee shock are more likely to achieve fewer years of education today and are also less likely to own key assets such as land and house. In short, their underachievement and lower assets ownership have had a negative impact on their children's health, as predicted by the early childhood development theory.
If these findings are confirmed, they call for aid organizations to consider the impact of a refugee crisis on mothers and small children in the host community and possibly provide support to education and 23 health facilities and childcare where needed. Future research should attempt to identify how a refugee shock that translates into a labor market shock affects childcare and the intrahousehold division of labor. Prob (HAZ<-2SD) In addition to cluster fixed effects, the regression controls for the gender of the head, the birth order and gender of the child but also mother and child year of birth fixed effects; * p < 0.10, ** p < 0.05, *** p < 0.01.
Table 5 -Placebo Tests
Source: 2015/2016 and the 1991/1992 Tanzania DHS. Standard errors in parentheses, Standard Errors clustered at the cluster level. In addition to cluster fixed effects, the regression controls for the gender of the head, the birth order and gender of the child but also mother and child year of birth fixed effects; * p < 0.10, ** p < 0.05, *** p < 0.01 22 These are Kagera, Kigoma, Geita, Mara, Mwanza and Shinyanga. 23 These are are Biharamulo, Muleba, Bukoka Rural and Bukoka Urban districts, which have been defined as high treatment districts by Baez (2011) 
Table 6-Labor Force Participation of Grandmothers and Grandfathers by 1996
Source: 1991/1992 and 1996 Tanzania DHS. Standard errors in parentheses, Standard Errors clustered at the cluster level. In addition to cluster fixed effects, the regression controls for the gender of the head, the birth order and gender of the child but also mother and child year of birth fixed effects; * p < 0.10, ** p < 0.05, *** p < 0.01. In addition to cluster fixed effects, the regression controls for the gender of the head, the birth order and gender of the child but also mother and child year of birth fixed effects; * p < 0.10, ** p < 0.05, *** p < 0.01. Mwakasege (1995) and Oxfam Tanzania Office Study report.
Children's Grand Mothers' Labor Force Participation
Children's Grand Fathers Labor Force
Figure A6: Distribution of refugees and hosts in the most affected clusters of Kasulu, Ngara and Karagwe in January 1995 and January 1996
Source: Mwakasege (1995) and Oxfam Tanzania Office Study report. 1 if the parents move into their place of residence before 2001 and 0 otherwise R Refugee Influx Index (Weighted sum of population divided by the distance to the 13 camps) 1 1=the Mother was born or exclusively spent her early childhood (0-5) during the refugee influx (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) , 0=Otherwise 2 Total number of years a mother from the treatment cohort was exposed to refugees 3 Equal to 2 if the mother of the child was exclusively born or solely spent her early childhood (0-5) during the first phase of the refugees' inflow (1993) (1994) (1995) (1996) , 1 if the mother of the child was exclusively born or solely spent her early childhood during the second phase of refugee influx (1997) (1998) (1999) (2000) (2001) ; and 0 otherwise 4 1=the Mother was born or exclusively spent her early childhood (0-5) during the refugee influx (1988) (1989) (1990) (1991) (1992) (1993) , 0=Otherwise (Excluding those born between 1993 and 2001)
